Introduction
============

Penile cancer is a rare but biologically aggressive disease especially in the metastatic situation. The mean incidence is less than 1 case per 100.000 males in Europe and North America [@B1]. Nevertheless, cancer of the penis adds up to 17% of all malignant diseases in men in developing countries [@B2]. The predominating histological subtype is the squamous cell carcinoma (SCC) and accounts for more than 95% of all malignant lesions of the penis [@B2]. Although approximately 80% of the cases can be cured if there is only limited involvement of the lymph nodes [@B3], more advanced disease might demand partial or complete amputation with dramatic effects on patient\'s quality of life [@B4].

Epidemiological studies revealed several risk factors for penile carcinoma like low standards of hygiene, phimosis, high number of sexual partners (early age at first sexual intercourse), presence of Human Papilloma Virus (HPV) infection, circumcision practice, recurrent balanitis, strong tobacco consumption, genital ultraviolet radiation and penile trauma. Interestingly, the actual data suggests that the critical exposure period for certain etiologic factors is already before puberty [@B1], [@B5] .

Penile cancer is a very heterogeneous disease. The molecular background of penile tumorigenesis is still not fully understood but recent comprehensive molecular profiling analyses allowed a deeper insight into prominent alterations in penile cancer [@B6], [@B7]. Although various other molecular mechanisms causing penile carcinoma independently of HPV probably represent the most common events, a large proportion of penile carcinomas can be attributed to HPV infection [@B8]. In 30%-40% of the analyzed penile cancer cases HPV was detectable worldwide [@B9]. It is well known that infection with HPV is a common risk factor for various tumor types. Especially presence of HPV high risk subtypes (e.g. HPV 16 and HPV 18) correlates closely with the development of cervical, vaginal, oropharynx or anal cancers to name only a few [@B9]. The oncogenic properties of HPV 16 and 18 are based on the expression of the viral E6 and E7 oncoproteins. While E7 protein binds and inactivates the tumor suppressor Rb [@B10], the E6 protein binds to the cellular p53 protein followed by leading in degradation by the ubiquitin proteasome pathway [@B11], [@B12]. This E6 protein guided degradation is also influenced by a functional single nucleotide polymorphism (SNP) in exon 4 of the *p53* gene. At position 215 of the p53 cDNA either a guanine (5\'-C*[G]{.ul}*C-3\', encoding for the amino acid arginine) or a cytosine (5\'-C*[C]{.ul}*C-3\', encoding for the amino acid proline) base is located resulting in a polymorphic amino acid site at codon 72 of P53 (p.Arg72Pro). The p.Arg72 variant was shown to be more prone to the E6 protein guided degradation than the p.72Pro variant. In contrast, cells harboring the p.Pro72 variant were more resistant to apoptotic stimuli due to a slower traffic of this variant to the mitochondria [@B13]-[@B15]. The identification of this functional *p53* SNP led to a multitude of case-control studies investigating the role of p53 codon 72 SNP as a risk factor in various tumor entities [@B16]. Indeed, in several HPV-related cancers (e.g. oral cancer, cervical cancer, vulvar and vaginal carcinoma) disease risk was shown to be influenced by the p53 p.Arg72Pro SNP [@B17]-[@B19] suggesting the p.72Arg variant as a risk factor for cancer development in high risk HPV positive individuals. But also in non HPV-related tumor types p53 codon 72 SNP was shown to influence disease risk [@B20]-[@B22]. These data gave a rationale for testing a hypothetical role of the p53 codon 72 SNP as a risk factor for penile carcinoma, too. Only sparse data from analyses of only small cohorts are available to date [@B23], [@B24]. The aim of our study was the combined investigation of HPV status and distribution of the p53 codon 72 SNP in a large Caucasian case-control study of penile carcinoma patients.

Methods
=======

Patient material
----------------

Archival formalin-fixed paraffin-embedded (FFPE) non-tumorous tissue from 107 cases of penile squamous cell carcinoma was used for the study. The tumors of the patients were classified and staged according to the WHO classification of penile tumors and the current AJCC/TNM-classification system [@B25]. Representative images of penile cancers are shown in figure [1](#F1){ref-type="fig"}. As a control group 194 blood samples from a male cohort of patients without any malignancy were investigated. The genotyping results of this control group were already described recently and also used for this study [@B26].

Clinicopathological characteristics of the cases are shown on Table [1](#T1){ref-type="table"}. Prior IRB approval (University Hospital Erlangen, Germany) was obtained for the scientific use of archival material.

Microdissection of tissue and DNA isolation
-------------------------------------------

Microdissection and isolation of genomic DNA was carried out from FFPE tissue as described previously [@B27]. In brief, 5 µm thick serial sections of the tissue were dewaxed and stained with 0.1% methylene blue for 15 seconds. Using an inverted microscope non-tumorous tissue (identified through matching with a marked H&E-stained section reviewed by an experienced surgical pathologist) was scraped off with a sterile needle. Isolation of genomic DNA from the microdissected tissue was performed using the *Blood DNA Preparation Kit* (Maxwell^®^ 16 System, Promega, Mannheim, Germany) according to the manufacturer\'s instructions.

p53 codon 72 polymorphism analysis
----------------------------------

SNP analysis was performed using restriction fragment length polymorphism analysis (RFLP) of the polymorphic region in exon 4 of the p53 gene which contains a *Bst* UI recognition site (5\' -CG ↓ CG-3\') in the presence of the G-allele (p.72Arg) as described previously [@B28]. Presence of the p.72Arg allele resulted in digestion of the PCR product (196bp = 113 + 83bp), whereas PCR products containing the C-allele (p.72Pro) remained unaffected.

Amplification of variable region and RFLP analysis
--------------------------------------------------

The SNP region was amplified by PCR in a total volume of 25 µl containing 100 ng DNA. Detailed information on primer sequences and exact PCR conditions were described previously [@B26]. PCR products were incubated for 6 h with 5 U *Bst* UI (New England Biolabs, Frankfurt/Main, Germany) at 60 ° C in a total volume of 30 µl to ensure complete digestion. Restriction fragments were separated by capillary electrophoresis using ABI Prism 3500 Genetic Analyzer and the fragment analysis was performed using the GeneMapper Software Version 4.1 (Applied Biosystems, Foster City, Calif., USA).

HPV PCR analysis of penile tumors
---------------------------------

Tumor cells were microdissected and DNA was extracted as described above. Detection of HPV DNA was performed using GP5+/6+ primers as described previously [@B29]. Subclassification of HPV species was done using type-specific primers as described elsewhere [@B30], [@B31].

Statistics
----------

To test if the genotype distribution followed Hardy-Weinberg equilibrium, the public software at <http://ihg.gsf.de/cgi-bin/hw/hwa1.pl> was used. Х2 statistics (2-sided exact significance) were used to evaluate case-control differences in the distribution of genotypes and to analyze associations between genotypes and HPV status. To determine the distribution of the risk allele versus the non-risk allele, Fisher\'s exact test (2-sided exact significance) was used. Statistical analysis was carried out using SPSS version 13.0 (SPSS, Chicago, IL, USA). P values less than 0.05 were interpreted as statistically significant.

Results
=======

A comprehensive validation of the used method was already described in a prior study [@B26]. We therefore used only 5 cases for verification of the RFLP results by direct sequencing in the actual analysis. RFLP analysis was confirmed by sequencing in all cases. Representative examples for genotyping are shown in Figure [2](#F2){ref-type="fig"}.

We first wanted to know if our male control cohort is representative for Caucasians regarding the distribution of the p53 codon 72 SNP. Therefore, we compared our results to already published data (n=955) on genotyping of the p53 codon 72 SNP in healthy Caucasian males [@B23], [@B24], [@B32], [@B33]. There was no significant difference in genotype distribution (p=0,593) strengthening the validity of our controls as a representative Caucasian male control group (Figure [3](#F3){ref-type="fig"}).

Determination of HPV status was successful in 105/107 cases. In 2/107 cases internal DNA control for HPV testing was not successful. In these cases HPV status could be determined. Positive HPV status was found in 39% (n=41/105) of the cases with interpretable results (Table [1](#T1){ref-type="table"}). HPV status of the healthy male control group was not determined.

Overall, 85/107 samples from penile carcinoma cases gave an interpretable result in the RFLP analysis. In 22 cases the SNP region could not be amplified due to insufficient DNA quality (degradation of DNA). The genotype distribution in both penile carcinoma cohort (p=0,579) and control group (p=0,575) followed the Hardy-Weinberg equilibrium.

The distribution of the p53 p.Arg72Pro SNP did not differ significantly between cases and controls (p=0,622; Table [2](#T2){ref-type="table"}). There was also no correlation between genotype distribution and HPV status of penile carcinoma cases (p=0,558; Table [3](#T3){ref-type="table"}).

In addition, the new WHO classification of penile carcinoma defined several histologic variants according to the HPV status [@B25]. We also analyzed the distribution of the p53 p.Arg72Pro SNP in the histologic variants but found no significant differences (p=0,339; data not shown), too.

In a second step, we wanted to summarize the available data on the role of the p53 codon 72 SNP in penile carcinoma in Caucasians. We therefore combined all published data [@B23], [@B24], [@B32], [@B33] with the results of our study. In summary, data from 1149 controls and 177 penile carcinoma cases were available. With this combined data we repeated the statistical analyses as investigation of a larger number of cases and controls should increase the impact of the SNP distribution analyses. The genotype distribution of these combined cohorts did not differ from the Hardy-Weinberg equilibrium in cases (p=0,841) and controls (p=1,000). This combined analysis also showed no significant difference in p53 codon 72 SNP distribution between cases and controls (p=0,914; Figure [4](#F4){ref-type="fig"}A**).** Also, the genotype distribution between HPV positive and HPV negative penile carcinoma cases did not show a significant difference (p=0,486; Figure [4](#F4){ref-type="fig"}B). Regarding the distribution of the specific risk alleles (Arg allele vs. Pro allele) there was also no significant difference between controls, HPV positive and HPV negative cases (p=0,515; Figure [4](#F4){ref-type="fig"}C).

Discussion
==========

In the presented work, we analyzed the distribution of the functional p53 codon 72 SNP in a case/control study to further clarify the influence of this SNP on penile carcinoma risk in general and in association with the presence of HPV. By combining data from our cohorts with already published results on smaller Caucasian cohorts we were able to present the most comprehensive data on this topic yet. Here we could show that the p53 codon 72 SNP has no influence on penile carcinoma risk even in HPV-positive cases. Therefore, the presence of the variable SNP alleles seemed not to be a risk factor for this rare disease as described in other HPV-related tumors. To date, little is known about the role of molecular predisposing factors in penile carcinoma. A PubMed search for "penile cancer"and "SNP" or "penile cancer" and "polymorphism" revealed no other available publications than the already mentioned studies of the p53 codon 72 SNP. This underlines the lack of current knowledge of the role of patient\'s molecular background as a risk factor for this partly fatal disease. The reason for this might be the low incidence of penile carcinoma especially in developed countries urging on multi-institutional and international cooperative efforts.

Although the most prominent p53 variant plays no important role in penile carcinogenesis p53 alterations are a major feature of penile carcinomas. Consisting data from several studies showed that p53 protein overexpression in the tumors analyzed by immunohistochemistry is associated with disease progression, higher risk for lymph node metastasis and worse prognosis [@B34]. However, inconsistent data can be found on the frequency of p53 mutations. Previous studies reported only a lower frequency (17% - 25%) of p53 mutations, whereas recent genomic profiling studies reported p53 alterations in up to 76% of the cases analyzed [@B6], [@B7], [@B35]-[@B37]. These discrepancies might be explained with the methodological background of the studies (e.g. different sensitivity levels for detection of mutations for SSCP, Sanger and next-generation sequencing), ethnical differences (Asian and Caucasian cohorts), HPV status and number of analyzed samples or histopathological characteristics of the tumors. Moreover, the p53 signaling pathway could be identified as the most significantly altered pathway in penile cancer recently [@B38]. But despite inconsistent findings p53 dysregulation obviously plays a crucial role in the development of penile carcinoma whose elucidation would be important for a better understanding of this disease.

A critical point of our study might be the combined analysis of our data with already published studies. While Humbey et al. and Tornesello et al. used DNA from penile carcinoma tissue for genotyping, we used DNA from non-tumor tissue for the analysis [@B23], [@B24]. We therefore cannot rule out the possibility that loss of heterozygosity (LOH) at the p53 gene locus (chromosome 17p.13.1) in the tumors of our cases might have led to differing results. Especially, in heterozygous individuals LOH could cause an enrichment of one allele in the tumors that biased the frequencies of allelic distribution between cases and controls. But as we wanted to analyze the general risk of the p53 codon 72 SNP for development of a penile carcinoma it was reasonable to analyze the germline situation of the patients. Nevertheless, several points strengthen our approach. All three studies gave very similar results either analyzing tumor or non-tumor tissue without any enrichment of one variant. Humbey et al. performed a LOH analysis on a subset of their cases and did not detect any allelic losses [@B24]. Rocha et al. performed FISH analyses for the p53 gene locus in 297 penile carcinomas and did not find any case with a deletion [@B35]. Alves and colleagues studied genetic imbalances in penile squamous cell carcinoma using a comparative genomic hybridization approach. A loss of the chromosomal region 17p.13.1 or a complete loss of chromosome 17p was detected in only 7,7% of the cases analyzed [@B39]. Two additional studies reported cytogenetic analyses of single cases (n=3) of penile squamous cell carcinoma and they also reported rarely abnormalities of chromosome 17 [@B40], [@B41]. Interestingly, the generally detected high frequency of p53 expression in penile tumors often associated with HPV negativity was not reflected in a concordant high frequency of p53 mutations yet. Therefore the high expression of wild-type p53 in penile carcinoma cells induced by DNA damage or other stress factors (e.g. inflammation after laser-assisted evaporation of pre-neoplastic lesions, inactivation of p53 degeneration pathways) might be taken in consideration as it was already discussed for penile carcinoma and in other cancer entities [@B27], [@B42]. All these data argue against a frequent loss of the p53 gene locus in penile carcinoma and underline the validity of our practice.

Summarizing all these data our comprehensive analysis of the role of the p53 codon 72 SNP in penile carcinoma revealed no influence of these functional variants on disease risk even in cases with a HPV involvement in Caucasians. This is contrary to data from other HPV-related cancers and might suggest other interactions between HPV-encoded proteins, p53 and additional cellular components in penile carcinogenesis.
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![Representative images of H&E stained penile squamous cell carcinoma. **A:** usual type (magnification: x100); **B:** verrucous carcinoma (magnification: x100); **C:** clear cell squamous cell carcinoma (magnification: x200); **D:** sarcomatoid squamous cell carcinoma (magnification: x200).](jcav09p4234g001){#F1}

![Representative examples of p53 codon 72 analysis using RFLP. In the upper lane a case homozygous for the p.72Arg variant is shown (blue RFLP signal only at 113bp). In the middle lane a heterozygous case is shown with blue RFLP signals at 113bp and 196bp. The lower lane shows a case homozygous for the p.72 Pro variant (blue RFLP signal at 196bp only). Sanger sequencing confirmed the allelic status (black arrow) detected with RFLP.](jcav09p4234g002){#F2}

![Distribution of the p53 codon 72 SNP in control groups from the literature compared to results of the control group from this work.](jcav09p4234g003){#F3}

![**(A)** Distribution of p53 codon 72 SNP in combined data from published studies and this work. **(B)** Distribution of p53 codon 72 SNP in combined data from published studies according to HPV positive and HPV negative cases. **(C)** Distribution of p53 codon 72 alleles in combined data from published studies according to HPV positive and HPV and controls.](jcav09p4234g004){#F4}

###### 

Clinico-pathological characteristics of the analyzed cohorts

  Cohorts / Characteristics      Cases (n=107)      Controls (n=194)
  ------------------------------ ------------------ ------------------
  Age, years                                        
  Median age                     67                 69
  Mean age                       67,3 ± 11,8        67,3 ± 10,6
  Range                          39 - 93            34 - 88
  Tumor Stage                    (n=)               *not applicable*
  pTis                           8                  
  pTa                            1                  
  pT1                            50                 
  pT2                            31                 
  pT3                            13                 
  pT4                            1                  
  *unknown*                      *3*                
  Tumor Grade                    (n=)               *not applicable*
  1                              23                 
  2                              36                 
  3                              40                 
  CIS                            8                  
  HPV Status                     (n=)               *not determined*
  positive                       41                 
  negative                       64                 
  *unknown*                      *2*                
                                                    
  Histopathology of penile SCC                      
  Histological subtype           HPV negative (n)   HPV positive (n)
  usual type                     34                 7
  verrucous                      13                 0
  basaloid                       3                  14
  warthy-basaloid                3                  8
  pseudohyperplastic             6                  1
  warthy                         1                  2
  lymphoepithelioma-like         0                  2
  clear cell                     1                  1
  sarcomatoid                    1                  0
  carcinoma cuniculatum          1                  0
  *unknown: n=1*                                    

###### 

Genotype distribution of the p53 codon 72 SNP in cases (showing interpretable results) and controls.

                     p53 p.72Arg/Arg   p53 p.72Arg/Pro   p53 p.72Pro/Pro   p-value
  ------------------ ----------------- ----------------- ----------------- ---------
  Controls (n=194)   53,6% (n=104)     40,7% (n=79)      5,7% (n=11)       
  Cases (n=85)       55,3% (n=47)      36,5% (n=31)      8,2% (n=7)        0,622

###### 

Genotype distribution of the p53 codon 72 SNP in HPV positive and negative cases (cases with interpretable results: n=85).

                        p53 p.72Arg/Arg   p53 p.72Arg/Pro   p53 p.72Pro/Pro   p-value
  --------------------- ----------------- ----------------- ----------------- ---------
  HPV positive (n=34)   50% (n=17)        38,2% (n=13)      11,8% (n=4)       
  HPV negative (n=51)   58,8% (n=30)      35,3% (n=18)      5,9% (n=3)        0,558
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